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Solar Radio Noise Bu 


SOL AR investigations by the National Bureau of 
\) Standards have led to the discovery of a phenome- 

non that appears to be another source of interference to 
long-range radio reception. The phenomenon is ob- 
served as bursts of solar radio noise superimposed on a 
normally steady level of radio-frequency energy re- 
ceived from the sun. The background radiation is pre- 

sumed to be thermally produced in the extremely hot 
regions of the solar atmosphere. Dr. J. Feinstein of the 
NBS Central Radio Propagation Laboratory recently 
made a comprehensive analysis of the radio noise bursts, 
using data obtained by the methods ef radio astronomy. 

From the data it was concluded ! that the bursts are not 
of the same thermal origin as the background but are 
the end result of the direct conversion to electromag- 
netic energy of the kinetic energy in the corena. 

In recent years. investigations of outer- space phenom- 
ena have been immeasurab ly aided by radio astronomy. 
The method was instrumental in determining the exist- 
ence of the quiescent level of electromagnetic energy 
(background radiation) surrounding the sun. The 
origin of this radio-frequency energy was thought to be 
thermal; but in order for this to be true. the t mpera- 
ture of the emitting region would have to be around cne 
million degrees Kelvin, even though established theories 
recognized a solar surface temperature of only about 
6.000° K. However, evidence obtained mainly frem 
the spectra of the highly ionized atoms present was sufli- 
ciently strong to bring about the acceptance of the 
higher value as the temperature of the corona. The 
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mechanism by whith this DELNS: 


brought about has stl not bee Sively se ttle d. 
Redic astronomy 1 used at the National 
Bureau of Standards to observe the bursts of radio en- 
ergy. A nonthermal origin has been ascribed to them 
because their ene rgies were feund to be sometimes sev- 
eral orders of magnitude greater than the background 
radiations. The theory proposed by NBS is in accord- 
ance with the second law of thermodynamics. 
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imposes no limitations on the ccnversion of mechanical 
energy from one form to another. The source of di- 
rected energy in the solar region lies in the many high- 
velocity streams composed of j ionized gases containing 
equal numbers of positively and negatively charged 
particles. As a result of their motion, these “plasmas,” 
as they are called, contain sufficient energy to account 
for the bursts, but their energy is, of course, in the 
kinetic form. Some means is required to convert this 
energy into the radio-frequency energy that is observed. 

\ mechanism that converts energy similar to that of 
the plasmas into the electromagnetic form was found in 
the microwave vacuum tube laboratory. At low fre- 
quencies, electrical oscillations are produced by sharply 
resonant circuits that develop fields to act upon streams 
of electrons inside conventional vacuum tubes. How- 
ever. at higher frequencies, transit-time effects destroy 
the phase relations required for proper field-particle 
interaction in this type of tube. With the subsequent 
development of the traveling wave tube, it was realized 
that tuned circuits are not an absolute necessity in the 
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generation of electrical energy. This type of tube em- 
ploys a helix or equivalent structure capable of guiding 
an electromagnetic wave at reduced speed so that it can 
interact, energy-wise, with a beam of electrons. Further 
experimentation resulted in the development of a tube 
that employs a second beam to carry the wave—the so- 
called double-stream amplifier. Although this tube is 
still in the developmental stage, its principle of opera- 
tion appears to parallel the nonthermal generation of 
radiowaves oc c ‘urring in nature. 

The Bureau’s analysis of these “plasma oscillations” 
is based on the fact that if a fluctuation of any sort 
occurs in a system composed of otherwise uniform 
streams of moving charges, the fre quency components 
in the fluctuation that lie within certain bands will be 
amplified. The nature and extent of these bands are 
detemined by the velocities and charge densities of the 
uniform streams. The action may be visualized by con- 
sidering the electric field that is produced by the initial 
fluctuation of the charged particles contained in one of 
the streams. This fie ld agitates adjacent particles, and 
the resulting variations in density are carried along in 
the streams. These, in turn, will produce their own 
electric fields—will in effect. “ahiat or amplify the 
original fluctuation. The action continues. tending to 
increase the density variations so that a bunching 
results, giving rise to a space-charge wave that grows 
as it travels. Hence, by means of this wave growth, a 
fluctuation, initially of negligible energy content, ac- 
quires a sizable fraction of the total uniform kinetic 
energy possessed by the whole system. 

To determine the electromagnetic radiation emitted 
by this type of system, the usual antenna theory is 
applied. Thus, the traveling space-charge wave is con- 
sidered equivalent to an oscillating current, and the 
condition for it to give rise to a strong radiated field is 
similar to the condition for a circuit element to act as 
an antenna: the spatial change of the amplitude of the 
current must be large, within a wavelength of the gen- 
erated oscillation. Small-signal theory calculations in- 
dicate that this condition is satisfied in the growth 
region, but a large-signal, nonlinear theory is required 
to really establish this fact. 
such a theory. 

More recently, Dr. H. K. Sen, also of the NBS 
Central Radio Propagation Laboratory, has been con- 
ducting theoretical investigations of the effects of 
plasma oscillations in a system of electrons gyrating 
around a static magnetic field near the surface of the 
sun. Radio astronomy data have indicated that certain 
types of enhanced radiations proceed from the direc- 
tion of sunspots and show circular polarization. 

It is assumed that when prominences move with high 
velocities in the magnetic field of a sunspot in a direc- 
tion oblique to the lines of force, the free electrons are 
set to describing circular spirals. They. in turn, gen- 
erate electric fields, and the interplay of these forces 
produces oscillations of the correct frequency to emit 
radio energy. 

Ordinary collisions between particles in the promi- 
nence gases do not produce 


Work is proceeding on 
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observed radio effects. However, it appears that any 
distortion of the electron distribution will be repeated 
with the gyroperiod of the electrons. The space-charge 
electric field will vary with the same period, achieving 
an effect similar to that in a cyclotron. The energy 
would thus be built up or amplified to an extraordinary 
degree. From such a mechanism, the energy emission 
would be circularly or elliptically polarized, agreeing 
with the observed polarization of radio noise storms. 

\s a numerical illustration of the phenomenon, con- 
sider a sunspot magnetic field of about 30 gauss at 
coronal distances of about 10'° em above the photo- 
sphere (the intensely bright portion of the sun that is 
visible to the unaided eye) and an electron density of 
the moving prominence of about 5X10°/em*. This 
combination of elements will result in an amplification 
of the plasma oscillation sufficiently large to emit radio 
energy in the frequency range 70 and 130 megacycles. 
as observed by radio astronomers in Australia. Fur- 
ther, the large frequency band width over which ampli- 
fication is available enables the radiation to escape 
through regions that are normally overdense for the 
gyrofrequency. 

Besides the accumulated evidence that these solar 
radio noise bursts are another possible source of inter- 
ference, there 


seems to be some regular association 


Lab 2 A A a ee cows 7 


L 


at 
tu 
ol 
re 








ce, 
igle 
stor 


76 
78 


79 
80 


‘on- 
s al 
oto- 
it is 
y of 
his 
tion 
adio 
cles. 
lf ur- 
ypli- 
rape 
the 


olar 
nter- 
ition 


BE a Ue ee 


between the bursts and sudden ionosphere disturbances. 
There are indications of a decided tendency for the 
bursts either to accompany, to precede, or to follow 
flurries of activity on the sun. It is hoped that when 
sufficient experimental data have been collected and 
analyzed. the presence of solar radio noise bursts can 


Automatic kquipment for 


oe HUNDRED resistors can be given load-life 
tests simultaneously with automatic equipment re- 
cently constructed at the NBS. Without removing 
resistors under test from the even that maintains the 
desired ambient temperature, the value of each resistor 
is automatically measured and recorded at desired in- 
tervals. Voltage to provide the desired wattage dissi- 
pation is supplied to each resistor in the oven on a 
cyclical on-off schedule. The new test installation. 
largely the work of M. L. Kuder, F. A. Ransom, and 
C. C. Tharpe, was constructed to meet test needs in con- 
nection with development of the NBS adhesive-tape 
resistor system. This development program has been 
conducted in the NBS electronic miniaturization 
laboratory under the sponsorship of the Navy Bureau 
of Aeronautics. 

In the NBS tape-resistor system, asbestos paper tape 
is coated with a resistive mixture of graphite or carbon 
black. resin. and solvent. Resister dimensions are 
kept fixed: different resistance values are obtained by 
varying the coating composition. Resistors ranging 
from 10 ohms to 10 megohms. capable of operation at 
temperatures up to 200° C, have been the goal ef the 


Left: Front view of the battery of 10 test ovens being used for automatic tests of resistor load-life. 


50 resistors. 


tures up to 200° C. can be held within 1° C. 


Right: Side-and-rear view of the resistor-test installation. 


be used as an additional warning of interruptions to 
radio propagation. 


"This conclusion is based, in part. on a suggestion by A. V. 
Haeff, Naval Research Laboratory. 

Dr. Sen’s work is based on an investigation by K. Malmfors, 
Swedish physicist. 


Resistor Load-Life Tests 


program. and satisfactory formulations have already 
been arrived at for most of this range. Development of 
these satisfactory coatings has required a great many 
tests of resistors made from a large number ef experi- 
mental coatings. The new automatic equipment is 
used to test the resistors under 14-watt load at ambient 
temperatures up to 200° C. Resistors are considered 
satisfactory if they change less than 6 percent in 500 
hours under the test conditions. Except for the high- 
cperating temperature requirement, development 
specifications of the NBS tape resistor conform closely 
to the JAN-R-11 specifications. 

The resistors under test are mounted in groups of 
five on plug-in trays. The trays. which follow a de- 
sign suggestion of A. P. Massey, fit into 10 test ovens. 
10 trays to an oven. Relays connect the resistors in 
groups of 25 to either a loading circuit or a measuring- 
recording circuit. The loading circuit. to which the 
resistors are connected most cf the time, supplies 14 
watt to each resistor in a 2-hour cycle of 11 hours 


on and 1% hour off. For 12 minutes every 4 hours, 


during one of the 14-hour pericds when no power is 
being supplied to them. each 


group of 25 resistors is 





Each oven holds 


Power to maintain 14-watt dissipation by each resistor under test is supplied on a regular on-off cycle, 
and every 4 hours the value of each resistor is automatica ly measured and recorded on a chart. 


Ambient tempera- 
J 
The value 


of each of the 500 resistors under test is automatically measured every 4 hours and recorded on the strip-chart 


recorder (upper right). 
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During 
this 12-minute period the value of each of the 25 
resistors in turn is automatically measured and recorded 
on a chart. 

The measuring circuit uses a resistance bridge with 
an amplifier connected across the bridge to detect any 
imbalance. The output of the amplifier is fed into a 
motor that drives the moving contact on a slidewire 
resistor in the proper direction to rebalance the bridge. 
Six ratio arms are used to cover the complete 6-decade 
resistance range from 10 ohms to 10 megohms; each 
ratio arm covers | decade. 

The recorder, a modified commercial 
strip-chart instrument, scans all six of the decade ratio 
arms automatically for each unknown resistance meas- 
ured. If the resistor being recorded does not fall within 
the decade range of a given ratio arm, the recorder 
prints off scale; only one mark therefore appears on 
the recorder chart for each resistor measured. 

Resistor values are recorded on the chart by a print- 
wheel that prints a plus sign together with a numeral 
be tween land 8. The value of the resistor is indicated 
to 3 significant figures by the position at which the plus 
sign prints on the chart scale. A numeral between 
l and 6. which prints beside the plus sign, indicates the 


Effect of Cl 


connected to the measuring-recording circuit. 


5-position 


saning 


The on-off 
loading cycle is controlled by timers (appearing as 10 
light-colored circles across the top of the panel), while 
the other panel controls permit adjustment of the watt- 


Control panel of resistor test installation. 


age dissipated by each group of 5 resistors. The 10 large 
knobs (top row) are for adjusting the primaries of the 
power supplies to the 10 ovens. 


decade ratio arm used and thus the power of 10 by 
which the 3-significant-figure value needs to be 
multiplied. 

Each resistor within the group of 25 is identified by 
the positions at which the numerals 7 and 8 print on 
the scale. This is accomplished by automatically 
switching fixed wire-wound precision resistors of suit- 
able values into the recorder when it prints these last 
two numerals, by means of the same switch that selects 
the individual resistors under test. The positions at 
which these resistors print also gives a continuous check 
on the calibration of the instrument. 

The ovens were specially designed to assure uniform 
temperature distribution. Each oven has an inner 
chamber constructed of 44-inch aluminum plate. An 
aluminum door presses against the front of the cham- 
ber. Heating elements of asbestos-insulated resistance 
wire are wound around the oven chamber, applying 
heat evenly to all surfaces except the front and back. 
Four-inch foam glass insulation surrounds the alumi- 
num chamber. After equilibrium has been reached, 
temperatures throughout the oven are uniform to within 
2 degrees C. 


NOTE: The new NBS automatic equipment for re- 
sistor load-life tests is described in detail in a new NBS 
publication, “Printed circuit techniques: An adhesive 
tape resistor system”, by B. L. Davis, NBS Circular 
530, 83 pp., 30¢, available only from the Superintendent 
of Documents, Government Printing Office, Washington 
25, D.C. Circular 530 gives detailed information on 
all aspects of development, fabrication, and testing of 
the NBS tape resistor, including resistance-paint formu- 
lations for a wide variety of resistance ranges. 


tape resistor. see “A high- 


NBS Tech. News 


For a summary of the 
temperature adhesive tape resistor,” 


Bul. 35, 100 (July 1951). 


on Paints Used as 


Water-Vapor Barriers 


N MODERN home and building construction a water- 

vapor barrier is usually included in the wall con- 
struction to prevent condensation, which would occur 
when the warm, humid air from the interior of the 
building migrates toward the outside and 
below its dew point. Such condensation has a degrada- 
tive effect on the wall materials and may cause the 
formation of mold, rapid decay, and, with some ty pes 
of insulation, serious loss in the insulative properties. 
In older buildings, where a vapor barrier has not been 


is cooled 
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installed in the wall as constructed, or where such a 
barrier is impracticable for some reason, the interior 
paint may be carefully selected to act as a fairly effec- 
tive water-vapor barrier. 

While some paints have been studied in detail and 
are known to be effective water-vapor barriers, little 
is known of their effectiveness for this purpose after 
they have been cleaned with soaps and other cleaning 
agents. An evaluation of three types of cleaning com- 
pounds and six types of interior paints (conforming to 
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applicable Federal Specifications) was therefore car- 
ried out by Edward R. Oglio and William C. Cullen of 
the National Bureau of Standards in cooperation with 
the Housing and Home Finance Agency. The paints 
included a white gloss enamel. an interior white gloss 
enamel, an interior white semi-gloss enamel, an_in- 
terior one-coat flat white oil paint, a ready-mixed white 
flat oil paint, and an interior resin-emulsion paint. 

The “dry-cup” method, usually used for testing the 
water-vapor resistance of vapor-barrier paints, was 
employed. In this method. the paint is drawn down on 

permeable sheet. and the acetate and paint films are 
placed. after drying and conditioning. in a specimen 
holder that seals the cup. Silica gel is used inside the 
cup as a desiccant. The assembled test cup is exposed 
to an atmosphere of carefully controlled temperature 
and relative humidity and the assembly weighed regu- 
larly. The increase in weight provides a measure of 
the water-vapor permeance (transmission) of the base- 
paint combination for the given water-vapor-pressure 
differential. 

For the present work. 0.01-inch acetate shect 
used to support the paint films. Acetate sheet is uni- 
form and does not abserb paint; it also lends itself well 
to the draw-down technique of applying the paint. 
Two coats of paint were applied at a spreading rate of 
approximately 400 square feet per gallon per coat. 
The tests were made isothermally at a standard tem- 
perature of 73° F. with 50-percent relative humidity 
on the wet side of the film; 0-percent relative humidity 
is assumed on the dry side. Experience has shown 
that under these conditions a film whose water-vapor 
permeance is less than | grain (per square foot per 
hour per inch of mercury-pressure differential) may 
be considered a satisfactory water-vapor barrier. 

The resin-emulsion paint and the one-coat flat oil 
paint did not qualify as vapor barriers because they 
exceeded this limit. They were therefore not subjected 
to the cleaning tests. 

The apparatus used in the washing and scrubbing 
operations consisted of two vertical motor-driven 
shafts. one above and cff-center from the other. The 
test specimen was attached to the lower shaft and 
tated at 50 rpm, while the scrubber. attached to ihe 
upper shaft, was rotated at 100 rpm in the same direc- 
tion. A 1-pound load was applied between the two 
shafts. 

Specimens of each paint film were soiled by apply- 
ing a brush coat of a scil consisting of a mixture of 
metallic brown pigment, kerosene, « arbon tetrachloride, 
white petrclatum. lubricating oil. and hydrogenated 
vegetable oil. The soil was applied as a 1-inch strip 
across the surface of the paint films and was allowed to 
dry cvernight at a temperature of 70° to 80° F before 
cleaning. 


was 


Apparatus utilized to evaluate the effect of cleaning on 
paints used as water-vapor barriers. The equipment con- 
sists of two vertical motor-driven shafts, one above and 
off-center from the other. To the lower shaft, rotating 
at 50 rpm, was attached the test specimen; to the upper 
shaft, rotating at 100 rpm, was fastened the scrubber. 


The cleaning procedures consisted of combinations of 
washing operations using thrce types of detergents, 
with a cellulose sponge and a bristle brush as the 
scrubbers. In one cleaning procedure 15 milliliters ef 
a paint cleaner containing a synthetic detergent was 
poured on the face of the film: this was followed by 
scrubbing with the moistened cellulose sponge for 10 
minutes. Both the sponge and the paint surface were 
then rinsed thoroughly with water and the operation 
repeated twice. A second procedure used toilet soap 
in place of the synthetic detergent and a third, sccuring 
powder. Three additional p srocedures using the bristle 
brush in place of the cellulose sponge were e mploye don 

each paint. The water-vapor transmission of each of 
the four paints was measured both befere and after each 
of the six cleaning procedures. 

The washing and scrubbing tests did not cause any 
appreciable increase in water-vapor permeance of the 
gloss enamel and the semi-gloss enamel paints. This 
was true even when the film lost as much as 25 percent 
in thickness by abrasion during the cleaning process. 
This is not an uncommon cccurrence in paint films and 
is believed to be caused by further oxidation and 
polymerization that occurs in the interval between ini- 
tial and final measurement of the permeance. 

The synthetic gloss enamel exhibited no increase in 
permeance during five of the six cleaning procedures. 
In the cleaning procedure empleying scouring powder 
and brush, the water-vapor permeance increased about 
25 percent. Similarly, the flat paint showed an increase 
in permeance during only one operation, that using the 
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This 


brush. 
abraded severely during the latter test. 
The NBS tests indicated that the water- ‘Vapor per- 
meance of the conventional types of interior paint 
(enamels and flat paints) is not affected appreciably by 
cleaning, regardless of the type of detergent employe od, 
provide d a soft cle ‘aning implement such as a cloth or 


paint cleaner and_ bristle paint was 


Left: The dry-cup method was used to 
determine the water-vapor permeance of 
paints after cleaning. The aluminum 
cap, consisting of a shouldered specimen 
holder A and a bottom plate B, is shown 
assembled with silica-gel as the desiccant 
in C. Aluminum template D and cen- 
tering ring E are used to sharply confine 
and center the test area in the specimen 
holder. Below: Test specimens were 
soiled with a l-inch-wide brush coat of 
a standard soil (left) and cleaned (right) 
after drying overnight. 





some increase in water- 


However. 
vapor transmission may occur after repeated cleanings 
if a harsh implement such as a stiff-bristled brush is 
used. The results also showed that some types of in- 
terior paints such as the resin emulsicn and the “‘one- 


a sponge is used. 


coat flat” paint may not be acceptable as water-vapor 
barrier materials under strict requirements. 


Anod ize 


A Diserete-Digit Voltage-Indicating Device 


NEW ELECTRONIC device has recently been de- 

veloped at NBS for obtaining readings of continu- 
ously variable unknown voltages—or other electrical 
quantities—in discrete digits. Measurements to the 
nearest 3 digits are registered on indicating lights or 
are printed on paper tape. The instrument was de- 
veloped by M. L. Kuder of the NBS electronic instru- 
mentation laboratory, as part of a data-processing re- 
search program, to demonstrate the practicability of 
such equipment. At the Bureau the device is known 
s “Anodige’ 
converter” 


*, a name ccined from “analogue-to-digital 

In certain applications, electronic digital indicating 
systems offer important advantages over more conven- 
tional “analogue” indicators 
moves ever a continuous scale, or in which the indica- 
tion otherwise varies continuously with the measured 
quantity. 


meter, and the accurac y 
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those in which a pointer 


In moving- pointer meters. speed of response 
is usually limited by mechanical characteristics of the 
to which the meter can be 


read 
meters 


about 0.5 percent in precision analogue 

is limited by a number of facters. By con- 
trast, a current model of Anodige can make 400 or more 
readings a second—far from the maximum attainable 
and is accurate to 3 digits, or 149 of 1 percent of full 
scale. Furthermore, Anodige gives electrical coded- 
pulse cutput suitable for recording or transmission—an 
important advantage in various electronic-computer and 
instrumentation applications. Development of Anodige 
was undertaken primarily to meet the need for instru- 
mentation usable in conjunction with electronic digital 
computers. 

Anodige is essentially a device for counting elec- 
tronically the number of equal, discrete voltage i incre- 
ments—of known value—required to equal the un- 
known ili being measured. This is accomplished 
with an effective “analogue integrator” circuit that 
charges a capacitor in equal increments until the 
capacitor voltage reaches the unknown voltage. 

Two models of Anodige have been constructed. In 
the first model, the measurement operation is auto- 
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“Anodige” measures continuously variable unknown 
voltages and indicates their values in discrete digits. 
Measured voltages are indicated on a panel of lights 
(right), and also on an electrosensitive paper tape 
(center). 


matically repeated 100 times a second. At the be- 
ginning of each measurement, a 100-cps programming 
oscillator turns on a 100-kilocycle master oscillator 
through an electronic switch. The analogue integrator 
starts simultaneously to build up d-c voltage at the rate 
of one 1.0-volt step per master-oscillator cycle. The 
increasing voltage, F;, across the integrating capacitor 
is fed to one side of a balance detector, and the unknown 
voltage, E,, is applied to the other side. As soon as 
E; equal E, (or exceeds E, by a fraction of an incre- 
ment), the balance detector transmits a stop signal 
to the electronic switch. This turns off the master 
oscillator and stops the increase of Fj. 

Meanwhile, three electronic decade counters have 
heen counting the number of increments. While they 
are counting, their indicator units are blanked. The 
electronic switch, when it turns off the master oscillator 
so that the counters come to rest in their final count 
state, simultaneously unblocks the counter indicators. 
Subsequently, before a new program is begun, the pro- 
gramming oscillator provides a reset signal that returns 
the decade counter and the analogue iritegrator to zero. 

The speed with which Anodige can make a measure- 
ment is limited by the time required to apply the neces- 
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sary number of voltage increments to the integrating 
capacitor, now being done at the rate of 100.000 in- 


crements per second. In the first model, the number of 
increments may be as high as 999. In the second 
model, a cascaded arrangement of three integrators re- 
duces the number of increments to be counted to a 
maximum of 27, greatly increasing the possible speed 
of measurement. The first of the three iniegrators 
obtains the “tens” digit. the second then obtains the 
“units” digit, and the third furnishes the “tenths” digit. 
(The basic voltage increment is 0.1 volt in the second 
model, instead of 1.0 as in the first.) This second 
Anodige model is currently being operated at a rate of 
100 measurements per second. though this is far from 
the maximum speed attainable. 

Two types of indication are being used with Anodige. 
Instantaneous readings are given by three rows of 
lights. 10 lights to a row: one light goes on in each 
row to give the three-digit measurement. Continuous 
recording is obtained on a moving 3-inch-wide strip of 
electro-sensitive recording paper. A dashed line, a 
dotted line, and a solid line are all printed at all times, 
but their positions vary with the voltage being meas- 
ured. The position of the dashed line—any of 10 defi- 
nite positions from 0 to 9—indicates the “tens” digit, 
the position of the dotted line gives the “units” digit, 
and the solid line gives the “tenths” digit. 

At present. with 0.1-volt increments, Anodige reads 
100 volts full scale. Now under development at NBS 
is a balance detector that is expected to be substantially 
more sensitive than the present one. This will make it 
possible to use a smaller basic increment, which in turn 
will permit a lower full-scale range. For instance, 
with 1-millivolt increments Anodige would have a 
range of 1 volt full scale. Such increased sensitivity. 
not dependent on amplification. would be an important 
advantage in some applications. 


Close-up of the modified commercial instrument used 
with “Anodige” to record voltages in 3-digit values. Ten 
wire fingers press continuously against the moving strip 
of electrosensitive recording paper. Application of 
voltage to any of the ten wires results in a dark mark 
on the paper. The position of each line on the paper 
gives the digit value. 
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WO-YEAR atmospheric exposure tests of a number 

of sheet metals used in building construction have 
recently been completed by NBS. Sheets of aluminum 
and zinc alloys and of aluminum-coated and galvanized 
steel were exposed to the weather under conditions 
closely approximating those found in actual practice. 
Each metal tested was fastened to bare wooden boards 
with nails of various materials, both with and without 
Neoprene or lead sealing washers between the nail 
head and the sheet. The study was conducted by T. H. 
Orem of the Bureau's corrosion laboratory. 

Severe corrosion may occur at the point of nailing 
if the wrong nailing is used. even with building sheet 
that is highly serviceable when properly installed. 
Although some other types of nailing will often give 
good service. the NBS study indicates that. in general. 
use of aluminum nails and carbon-black-filled Neo- 
prene sealing washers will give the greatest assurance 
of long trouble-free service. even under severe 
conditions. 


Factors Involved 


The use of sheet metals in building construction has 
increased considerably in recent years. Factors in this 
include the expansion of building construction follow- 
ing World War II. shortages of some of the more con- 
ventional materials, and the productive capacity of the 
expanded metal-producing industry that became avail- 
able with the relaxation of military requirements. With 
this increased use. adequate understanding of associ- 
ated corrosion problems and of proper fastening tech- 
niques has become correspondingly important. The 
National Bureau of Standards has long been active in 
building technology investigations. as well as in studies 
of corrosion problems. The Bureau maintains two 
atmospheric-exposure test stations. one on the reof of a 
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Specimens of varions sheet metals used in building construg@jere ex 
The specimens were exposed on this test rack (left), locateje roof 
also on another test rack in a marine atmosphere near No@fa. R 
contrast with a relatively uncorroded nail hole (left), illug the t 
suitable nailing techniques. Proper nailing is particularh@rtant | 
the right. 


Weathering of Sheeteta! 


building on the Bureau grounds at Washington, D. C.. 
and one 10 feet over salt water near Norfolk. Virginia.  } 

In the present NBS tests, 3-by-4-inch specimens of 
the various sheet metals, variously fastened. were ex- 
posed to weathering at both test stations. Nails of 
aluminum alloy, bare steel. cadmium-coated steel, gal- 
vanized steel, and copper were used with the aluminum 
alloy, aluminum coated steel, and galvanized sheets. 
Only bare steel and galvanized nails were used with 
the zinc-alloy sheets. Sealing washers of both regular 
Neoprene and carbon-black-filled Neoprene were in- 
vestigated. as well as the more usual lead washers. 
In installing aluminum, good practice calls for a layer 
of water-resistant building paper or asphalt-impreg- 
nated felt between the metal and the wood, but in the 
NBS tests this protective layer was purposely omitted. 
Sufficient sets of specimens were exposed to permit 
removal of complete sets after 3, 6. 12. and 24 months. 
and one set is being allowed to remain in the exposure 
racks for an indefinitely longer period. 


; 
' 


Effect of Nails 


esults of the 2 years’ exposure clearly demonstrate 
Results of the 2 learly d trat 
the impertance of avoiding certain fastening practices, 
particularly with aluminum. _ It is well established that 
aluminum sheet properly installed is a serviceable 
building material in most environments. But. as the 
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pre exposed to 2 years of weathering in recent Bureau tests. 
e roof of one of the NBS buildings in Washington, D. C., and 
Right: Close-up of a badly corroded nail hole (right) in 
the type of shcet-metal corrosion that can be caused by un- 
rtant with sheets of low corrosion resistance, like the one on 
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NBS tests show. bare steel nails, or other uncoated nails 
except aluminum, can cause serious corrosion of the 
surrounding aluminum. Bare copper nails. further- 
more, showed themselves to be even more corrosive 
than steel nails to the surrounding aluminum—a phe- 
nomenon readily appreciated by those familiar with the 
subject, but one of which some installers cf sheet 
aluminum have apparently been unaware. The 
cadmium-plated and the galvanized (zince-coated) nails 
caused no corrosion while their coatings remained in- 
tact. The cadmium itself corroded away in some cases. 
however, exposing the steel nail, and the zinc showed 
signs cf doing so. Since the steel can begin its corro- 
sive action on the aluminum as soon as the protective 
coatings have corroded away. the use of cadmium- 
plated or galvanized-steel nails seems questionable 
when maximum trouble-free life is desired from alumi- 
num sheet. As would be expected, aluminum nails 
caused no corrosion of aluminum sheet in the tests. 

The aluminum-coated specimens behaved similarly 
to the aluminum-alloy specimens at both Washington 
and Norfolk. Neither the galvanized nor the zine- 
alloy sheets showed more than slight corrosion ef any 
type under any condition of use. The galvanized 
sheets showed no corrosion from aluminum. galvanized. 
and cadmium-plated nails, and enly slight corrosion 
from bare steel and copper nails. Similarly. the zinc 
alloy sheets showed no corrosion from galvanized nails 
and only slight corrosion from bare steel nails. 





Among those familiar with corrosion theory, it is well 
known that when two dissimilar metals are in contact 
with each other, one or the other will generally tend to 
corrode if moisture is present. 
electrochemical phenomenon, and the relative positions 
of the two metals in the electrechemical series generally 
determines which of the two will corrode. 


This is essentially an 


Protective Washers 


Sealing washers are commonly used under the nail 
heads when metal building sheets are nailed, and this 
is a highly desirable practice for several reasons. In 
addition to their waterproofing value, proper sealing 
washers reduce corrosion possibilities by keeping the 
nail out of contact with the sheet metal. With proper 
sealing washers, it therefore makes less difference what 
nails are used. Some washers may not continue to give 
a good seal, however, and in any event electrical cor- 
rosion currents may flow over the surface of the washer 
when moisture is present. It therefore seems ad- 
visable, where maximum sheet-metal life is important, 
to use suitable washers in combination with nails that 
would not cause corrosion even in the absence of the 
washers. Such conservative practice will naturally 
have most value under severe weathering conditions. 

Carbon-black-filled Neoprene washers were found to 
weather better than ordinary Neoprene washers in the 
NBS test: the latter tended to harden. Lead sealing 
washers caused no appreciable corrosion of specimens 
exposed at Washington but did cause substantial cor- 
rosion of specimens exposed in the marine atmosphere 
at Norfolk. 

Additional exposure time will be required to establish 
the relative resistance of properly fastened sheets of 
the different metals to weathering under identical con- 


de 








Typical 3 < 4 inch sheet-metal specimens after weathering in the exposure tests, showing how corrosion around nail 


holes may result from improper nailing. 


Different nails were used for these two specimens; the specimens them- 


selves, the washers under the nails, and the weather exposure were all identical. 


ditions. All the sheets investigated showed only very 
slight corrosion due to the atmosphere alone—at a 
distance from the nails—at the end of the 2-year period. 


The NBS tests are reported in more complete form 
in the most recent of the NBS Building Materials and 


Structures Reports series, “Atmospheric exposure tests 
BMS 128, 
available for 20 cents from the Superintendent of Docu- 
ments, Government Printing Office, 


Dec: 


of nailed sheet metal building materials,” 


Washington 25. 


Radioisotope Study of Porcelain-Enamel Adherence 


CERAMIC or porcelain-enamel coating, to be 

effective, must adhere to the metal it is designed to 
protect. Cobalt oxide effectively promotes adherence 
of porcelain enamel to iron, and for this reason has 
long been added to enamel ground (first) coats. De- 
spite a great deal of research, however, the mechanisms 
by which cobalt oxide promotes adherence are not well 
understood. 

Using very sensitive radioisotope tracer techniques, 
NBS has recently obtained new information on this 
important problem. The study, conducted by W. N. 
Harrison. J. C. Richmond. and associates of the 
Bureau's enameled metals laboratory, was part of a 
broad investigation—sponsored by the National Ad- 
visory Committee for Aeronautics—of the mechanisms 
involved in the adherence of porcelain-enamel and 
ceramic coatings. 

Conventional porcelain-enamel ground coats usually 
centain at least eight components. In addition to 
cobalt oxide, oxides of iron and nickel are usually pres- 
ent. The physical and chemical properties of these 
oxides are quite similar, and the identification and 
quantitative estimation of small amounts of one of them 
in the presence of the others in such a complex system 
is difficult by ordinary chemical and physical means. 
For this reason, practically none of the data previously 
reported has been obtained under conditions closely 
approximating those found in practice. By adding 
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radioactive cobalt as a tracer to the frit (glass) used in 
the coating, NBS was able to obtain data on the 
mechanisms by which cobalt oxide promotes adherence 
of normally processed coatings of typical compesition, 

Studying the distribution of radioactivity in coated 
specimens after firing, NBS found that a metallic cobalt 
layer was formed at the enamel-metal interface, and that 
near the interface the enamel layer was depleted in 
cobalt oxide. The amount of cobalt that thus migrated 
to the interface increased with increased firing, though 
the total quantity was extremely small—equivalent to a 
layer of metallic cobalt of the order of 0.01 micron 

(about 0.4 millionths of an inch) thick fer normal 
firing. The cobalt deposit apparently did not penetrate 
into the enameling-iron base during normal firing. 

In the investigation, small specimens of 18-gage 
enameling iron were coated with a porcelain enamel to 
which radicactive cobalt oxide had been added. After 
either underfiring (4 minutes at 1,450° F), normal 
firing (4 minutes at 1,575° F). or overfiring (6 minutes 
at 1,750° F), the specimens were deenameled with 
molten sodium hydroxide. Under the conditions of the 
experiment the sodium hydroxide readily dissolves the 
enamel and partially dissolves the iron oxides present 
at the interface. but the metallic iren and cobalt are 
not affected. After measurement of radioactivity of 
the specimens with a Geiger-Miller counter, the iron 
oxide layer was removed by agitation in sodium citrate 
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This setup was used to measure the radioactivity—an 
index of cobalt concentration—of various layers of the 
enamel-interface-metal system after firing. The sample 
is inserted in the vertical lead shield, or “‘lead pig” (left), 
which contains a Geiger-Miiller tube. Radioactivity is 
counted on the decade scaler (center). 


solution (which does not affect metallic cobalt), and 
the radioactivity was again counted. These measure- 
ments indicate the amount of cobalt present at the 
interface in metallic form (see table 1). 


Tarte |. Radicactivity count on metal specimens enameled 
with radioactive cobalt-bearing enamel, then deenameled 


Counts per 
minute 


‘ firing treat- 
Specimen No. Firing treat 





—— After deenam- 
eling and re- 
moval of oxide 
I l 180 
2 lt 189 
3 N 1, 788 
1 N 2, 345 
> oO 2, 759 
6 oO ' 2, 685 


* L. underfired, 4 min, at 1,450° F; N. normally fired, 4 min at 1,575° F; 
4), overfired, 6 min at 1,750° F. 


To study the cobalt distribution in the enamel layer 
itself, specimens were ground through from one side 
until almost all of the iron was removed. Treatment 
with a solution of iodine in potassium iodide removed 
the rest of the iron and also the metallic cobalt layer, 
leaving only a thin shell consisting of the iron oxide and 
enamel laye rs. The radioactivity of the resulting solu- 
tion was checked for an indication of the amount of 
metallic cobalt at the interface, and radicactivity counts 
were made on each side of the chips of enamel. The 
iron oxide at the enamel-metal interface was then re 
moved by solution in ammonium citrate. after which 
radioactivity counts were made of the ammonium 
citrate solution and again of the chips. These various 








measurements give a picture of the distribution of 
radioactive cobalt in the enamel layer. 

To obtain a picture of the cobalt distribution near 
the interface by a different technique, a normally fired 
specimen was mounted in plastic and ground at a slight 
angle to give a large-scale section through the interface 


and into the metal. An autoradiograph of the section 
was then made by letting radiation from the specimen 
impinge directly on a photographic film that was in 
contact with the specimen. Like the other observations, 
the autoradiograph shows that the radioactive cobalt 
concentrated at the interface but did not penetrate the 
metal. 

In another test of the degree of penetration, a nor- 
mally fired specimen was de-enameled with molten 
sodium hydroxide. After a count of its radioactivity, 
the specimen was then treated with ammonium citrate 
solution to remove the tightly adherent film of iron 
oxide, rubbed with a damp rag to remove any loose 
particles of cobalt metal, and again tested for radio- 
activity. The count was found to have been reduced 
85 percent by this citrate-and-rubbing treatment of the 
surface, indicating further that there was very little 
penetration into the metal. 

Substantial penetration of the iron base by the radio- 
active cobalt was observed, however, in a coated speci- 
men that was heated in air at 1,300° F for 270 hours 
after normal firing. When such a specimen. after de- 
enameling. was treated with the ammonium citrate 
solution and rubbed with the damp cloth, the radio- 
activity count was reduced by only about 10 percent. 
An autoradiograph likewise showed considerable 
radioactivity below the surface of the iron. 

The cobalt deposit is believed to be metallic because 
it is removed with the iron base metal during the iodine- 
potassium iodide treatment, but is not completely re- 
moved by 65 hours of treatment with ammonium 
citrate. The experiments performed so far do not indi- 


Left: Photomicrograph (50, unetched) of an enam- 
eled-iron specimen in cross section. Right: Enlarged 
(50) autoradiograph of same specimen (made _ by 
letting radiation from the specimen impinge directly on 
the photographic film). Because of scattering of radia- 
tion striking the photographic film, the actual radioactive 
layer is very much narrower than is shown here. 








cate whether the cobalt deposit consists of the pure 
metal or of an alloy with iron, nickel, or both. This 
may be clarified in future phases of the investigation. 


For further technical details of this study, see “A 
radioisotope study of cobalt in porcelain enamel,” 
J. Am. Ceram. Soc. (May 1952): also, “Migration of 
cobalt during firing of ground coat enamels on iron,” 


VACA Tech. Note 2695. 





Further information on NBS work with ceramic 
coatings is contained in the following: Recent ceramic 
coatings for high-temperature alloys, NBS Technical 
Vews Bulletin 35, 145 (Oct. 1951). Ceramic coatings 
prevent exhaust-gas corrosion, NBS Technical News 
Bulletin 35, 89 (June 1951). 
ceramic coatings for molybdenum, 


Vews Bulletin 32, 125 (Nov. 1948). 


High-temperature 
VBS Technical 


Tungsten Spring Balance for Vacuum Weighing 


os -E tungsten spring balance recently developed 
by Dr. S. L. Madorsky of the Bureau has been 
found very convenient for accurate weighing of small 
quautities ina vacuum. The device is highly sensitive. 
yet quite inexpensive and easily constructed. It should 
prove especially useful in those fields of research. such 
as textiles, where changes in weight with drying or 
absorption are of interest. At present the tungsten 
balance is being used in a study of the thermal degrada- 
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tion of high polymers, which is being sponsored at NBS 
by the Office of Rubber Reserve. 

While helical spring balances of fuzed quartz have 
been employed for some time in vacuum weighing. they 
have not been entirely satisfactory. Because of the low 
internal friction of quartz. the damping force is very 
small. Thus, when a quartz balance is once disturbed 
in a high vacuum, it may take several hours for the 
spring to come to rest. Quartz springs are also very 
fragile: this causes considerable loss of time in calibra- 
tion due to frequent breakage. The tungsten spring. 
on the other hand, comes to rest 10 or 15 minutes after 
a disturbance and is very simply prepared by winding 
some inexpensive tungsten wire of the proper gage on a 
mandrel. 

The balance constructed at NBS consists of 23 turns 
of 3-mil tungsten wire, each turn having a diameter of 
about 1.1 centimeters. The spring is enclosed in an 
evacuated Pyrex tube and is suspended from a Pyrex 
rod attached to a ball joint at the top of the tube. The 
ball joint serves to center the spring in the tube. The 
material to be weighed is supported in a platinum 
crucible, weighing abeut 200 milligrams, which is at- 
tached to the lower extension of the spring. The total 
weight of the spring and the extension down to the 
crucible is about 100 milligrams. The sensitivity of 
the balance is approximately 525 microns per milli- 
gram. 

A sensitive comparator, reading to 1 micron, is used 
to observe the change in the position of a crossline at- 
tached to the spring extension with respect to a zero- 
point line on the glass tube housing the balance. The 
zero-point line is provided by a thin horizontal wire 
attached to a flat glass window in the tube. 

It was found that elastic creep causes a newly con- 
structed tungsten spring to stretch continuously under 
a constant load for many days at a diminishing rate. 
This stretching becomes imperceptible after about 30 
days. To minimize the effect of elastic creep when the 
spring is not in use and to avoid disturbance of the 


Schematic drawing of the tungsten balance. Twenty- 
three turns of fine tungsten wire (A), are suspended 
from an adjustable ball joint. Weight of a container 
and its contents is determined from the relative position 
of a crossline (FE) on the spring extension with respect 
to a thin horizontal wire (F) attached to a flat glass 
window (D). Rubber friction clasps (C), operated 
manually by rods (B), remove tension from the spring 
when it is not in use. 
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spring when the crucible is removed for charging and 
weighing, the balance is provided with a pair of fric- 
tion clasps. The clasps are attached to brass rods held 
rigidly in ground joints by means of hard Apiezon wax. 
They are manually rotated in opposite directions until 
they grip the extension of the spring. 

To avoid errors due to disturbance of the comparator 
during operation or due to differences in the thermal 
expansion of the apparatus and its support, on the one 
hand, and the comparator and its support on the other, 


Statistical Designs 


i procedures utilizing statistical designs 
have been developed at the National Bureau of 
Standards for the calibration of radioactive materials. 
The application of these designs in radioactive stand- 
ards calibration has resulted not only in greater 
accuracy but also in more effective use of personnel 
making the measurements. The new method is based 
upon refinements worked out by the Bureau on the 
orthogonal Latin square arrangement of data, which 
has been widely employed in biological and agricultural 
experiments. The adaptation of statistical designs to 
radioactivity measurements is part of a program on the 
design of experiments, intended to provide greater 
precision and economy in engineering and physical 
science experimentation. 

The procedure used in the NBS radioactivity labora- 
tory for the measurement of unknown sources consists 
of a direct comparison with a primary standard of the 
same nuclide under identical physical conditions. For 
example, beta particles emitted by the source of un- 
known activity are detected by an end-window Geiger- 
Miiller counter placed in a fixed geometrical arrange- 
ment with respect to the source. The Bureau’s 
RaD+E beta-ray standard of exactly the same size, 
shape, and isotopic purity is then counted in the same 
geometrical arrangement. The ratio of the respective 
counting rates of the unknown to the standard, multi- 
plied by the time activity of the standard, yields the 
activity of the unknown source. 

Since the disintegration process is statistical in 
nature, the estimated standard deviation of an observed 
count N is VN, cr 100/VN percent. A_ greater 
relative precision in the knowledge of is obtained by 
continued counting, but from a practical standpoint 
this presents several difficulties. For example, it is 
not desirable to take a single uninterrupted reading 
of a sample over a long period of time because possible 
variations in the recorded counting rate, due to mal- 
functioning of the electronic equipment or variations 
in the sensitivity of the detector, would go unnoticed. 
Thus the uncertainty as to the true value of V could 
increase without the operator’s knowledge. 

\ general method for assessing the precision of a 
measurement involving an appreciable counting time 
is to subdivide the measurement into several equal 







the position of the crossline on the spring extension is 
checked against the zero point on the balance housing 
before and after each reading. Fortunately, the ther- 
mal coefficient of expansion of the tungsten balance and 
its Pyrex housing are about the same. Another pos- 
sible source of error is the change in the modulus of 
rigidity of tungsten with temperature. This type of 
error, which could very well affect the sensitivity of 
the balance, is minimized by operating the device in a 
temperature-controlled room. 


in Radioactivity 


parts and to apply a statistical test—the “Chi-Square 
Test”. The dispersion of such a set of measurements 
is often found to be slightly larger than that to be 
expected solely from the purely random disintegration 
process, which in theory, should conform to a Poisson 
distribution. 

When the results of the Chi-Square Test indicate that 
there is an effect due to external influences, the next step 
is to develop some statistical design for the data from 
which a separation of the spurious effects from the 
purely random disintegration process can be achieved. 
A Latin-square type of statistical design was suggested 
for this purpose by Dr. W. J. Youden of the NBS 


statistical engineering laboratory. 


5 9 3 
fava | axa | coy | ous 
2 14 
joer [ase [ose] oe 
3 7 T 15 
C28 | DY | AaB | Bsa 
4 8 12 16 
D3A | Caa| BS | A2y 


The key to the Latin square design is the scheduling 
of samples in such a manner that spurious fluctuations 
can be averaged out. The calibration procedure can 
be explained by reference to the figure above, a 4-by-4 
orthogonal Latin Square. The Arabic numerals in the 
upper left corners of the 16 subsquares represent the 
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The Roman letters A, B. 


sequence of the 16 readings. 
C, and D denote a primary standard and three unknown 


sources, respectively, and appear only once in each 
row and in each column. Four readings each are taken 
of the sources in the prescribed order, and any fluctua- 
tions that occur will affect all the samples to approxi- 
mately the same degree. In effect, extraneous “non- 
Poisson” variations are averaged out. 

In the 4-by-4 Latin square there are five ways of 
adding up sets of four readings such that each reading is 
included only once. These ‘five arrangements are the 
rows, the columns, the like Roman letters, the like 
Arabic numerals, and the like Greek letters. Hrs to 
add like #’s, the readings in squares numbered 4, 5, 11, 
14 (which include one reading for each of the said 
D, B, A, and C, respectively) are added. Because the 
sums of the like Greek letters contain one reading each 
of sources A, B, C, and D, these sums should all 
theory be equal to each other. The differences between 
these sums of four and the average sum of four are used 
to estimate the variation of the measurements. Simi- 


New Pulse Transformer 


PULSE transformer recently devised at the Bureau 

produces an exceptionally fast pulse rise—from 
0 to 90 volts in less than 0.02 microsecond in a conven- 
tional blocking oscillator circuit. The new transformer 
is unusually simple and inexpensive, consisting of a few 
turns of wire wound around a small ferrite ring. It 
was designed by Carroll Tschiege of the NBS Sound 
Section. 

A blocking oscillator is a transformer-ccupled feed- 
back oscillator designed to produce, when “triggered” 
by an actuating voltage, a single rectangular voltage 
pulse having a fast rise and fall. The more rapidly the 
pulse rises, the more accurately can it be associated 
with a particular instant of time. Some applications 
require also that the pulse be of short duration. Such 
pulses are used for triggering, switching, and timing 
functions in a variety of radar and other electronic 
equipment. In the NBS Sound Section they are being 
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Calibration of radioactivity sources. Radium D+E 
sources of known and unknown radioactivity are alter- 
nately inserted into the lead shield (foreground). A 
Geiger counter measures radioactivity, which is indicated 
on the sealer (background). The disk-like boxes on top 
of the sealers contain radioactive sources that have been 
or are to be calibrated. 


larly the sums of like Arabic numerals and the sums 
of the rows should be equal to each other, and the dif- 
ferences from the average sum of four can also be used 
to estimate the variance. The column sums are espe- 
cially sensitive to short-term variations and are omitted 
from the analysis. The sums of like Roman letters are 
likewise expected to be different from each other be- 
cause the samples have different activities. These 
sums, therefore, are also omitted. The numerical oper- 
ations on these data are described in statistical texts 
under the heading “Analysis of Variance” 

If the statistical design has been effective in remov- 
ing nonPoisson variations, the variance of the measure- 
ments as calculated from the three sets of sums should 
agree closely with the theoretical variance calculated 
from the observed count NV. From the like-Roman- 
letter averages, the ratio of unknown-source to standard- 
source counting rates, which is the ultimate goal of the 
can be determined. 

Since July 1949, on the basis of seme 8,000 separate 
readings involving 210° total counts, 
shown that the variation in the actual measurements 
agrees very closely with that predicted from the Poisson 
law. Therefore, it has been possible to achieve the 
same degree of precision as previously obtained but at a 
much smaller expenditure of time. 


measurements, 


it has been 


For further technical details, see A new method of 
radioactive calibration, H. H. Seliger, NBS J. Re- 
search 45, 496 (1950) RP2163, and Latin and Youden 
Squares, NBS Technical News Bulletin 34, 69 (May 
1950). 


Gives Faster Response 


used in the timing system of an instrument for measur- 
ing the speed of sound in liquids. 

The speed with which the oscillator output voltage 
pulse rises and falls, the duration of the pulse, and the 
rate at which it can be repeated, are determined largely 
by the characteristics of the transformer. However. 
fast response also requires a tube having high trans- 
conductance. Optimum pulse transformer design calls 
for very tight inductive coupling between the windings 
Transformers are there- 
fore constructed with a few turns of wire wound on 
cores having high effective permeability for abrupt 
changes of current. Steel cores are generally used. 
thinly laminated to reduce losses. The shortest pulses 
obtained with such transformers have a duration ot 
about 0.1 microsecond, and the fastest rise time is 
about 0.03 or 0.04 microsecond. 


and low capacitive coupling. 
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A pulse transformer (left) recently developed at NBS makes possible a compact blocking oscillator having an un- 
usually fast voltage pulse rise. Left: A transformer, wound on a ferrite toroid. Center: Plug-in base housing one 
of the new transformers. Right: Complete blocking oscillator in plug-in form. On the far right, construction 
details of the new pulse transformer show dimensions of ferrite core and arrangement of windings. With this 
design, pulses rising to 90 volts in less than 0.02 microsecond are attained. 


The new transformer owes its superiority largely to 
its ferrite core. The various compositions of these non- 
metallic magnetic materials now becoming available 
offer a wide range of magnetic and electrical properties, 
The resistivity of many ferrites is high enough to give 
low losses as well as high permeability, even without 
subdivision of the material. 

The new cores used at NBS, less than 1 inch in 
diameter, are made by cementing tegether two standard 
toroids of a commercially available ferrite. The plate, 
grid, and output windings consist ef 13, 12. and 6 turns, 
respectively, of No. 24 enameled copper wire. The 
plate and grid windings are wound together in a single 
layer. 

Using one of the new transformers in a conventional 
blocking oscillator circuit with a 500-ohm load, pulse 
characteristics were measured on a commercial oscillo- 
scope specially designed for very fast sweep. Several 
different tubes were tried—types 6AH6, 6AK5, 6AN5, 
and 6J6 (both halves )—-without appreciable change in 


the pulse. Measured pulse width was less than 0.06 
microsecond and the rise time less than 0.02 micro- 
second. Pulse amplitude was about 90 volts, output 
impedance about 100 ohms, and peak pulse power about 
20 watts. Pulse widths of the order of 0.03 microsec- 
onds can be produced by using fewer transformer 
turns, but at the expense of reduced amplitude. The 
recovery time of the blocking oscillator with 47 micro- 
micro farads amd 3.300 ohms in the grid circuit is less 
than 0.3 micreseconds—roughly three times as fast as 
that of previously available units. 

The small size of the ferrite-core transformers makes 
it possible to construct complete blocking oscillators as 
compact plug-in units. A number of these convenient 
units are being constructed at NBS, each consisting of 
a transformer, a miniature tube, and a grid capacitor 
and resistor mounted on an octal base. All leads are 
brought out to the base pins, allowing for a variety of 
triggering and biasing methods. 


Electrical Measurements 


HE SCOPE and limitations of all the important 

electrical instruments, together with methods for 
obtaining greater precision in their use, are compre- 
hensively treated in a new 784-page book, Electrical 
Measurements (John Wiley and Sons, $8.00), by Dr. 
Forest K. Harris of the NBS electrical instruments 
laboratory. Basic instrument theory is thoroughly dis- 
cussed, and direct-current and low-frequency measure- 
ments are covered in detail. The origins, relations, 
and dimensions of electrical units are also set forth in 
such a way as to require a minimum of previous 
knowledge of the subject. 

Besides explaining the most effective measurement 
techniques, the book discusses the limitations and errors 
to be expected and the precautions necessary to insure 
good performance. A unified approach to galvanome- 


ters is presented, based on the one-dimensional har- 
monic oscillator with linear damping. This unified 
concept also provides a basis for studying the general 
behavior of deflecting instruments. Ballistic  gal- 
vanometers, interpreted on the basis of emf-time 
measurements, receive special treatment. An extensive 
analysis of instrument transformers and their testing 
is given. The 15 chapters deal with the art of measure- 
ment, electrical units, d-c galvanometers, indicating 
instruments, d-c ammeters and _ voltmeters, poten- 
tiometers, resistors and resistance measurements. 
ballistic galvanometers, magnets and magnetic testing, 
a-c ammeters and voltmeters, measurement of power, 
energy measurements, instrument transformers, wave- 
form and frequency measurements, and a-c bridges. 
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